mal range; 30-159) pg/ml and 10 (4.4-17.4) µg/dl, respectively. Although her plasma renin activity (PRA) and ACTH was suppressed to an undetectable level, no further examination was conducted or followedup. One year later, hypertension and progressive edema in the lower extremities gradually appeared. Reexamination revealed hypopotassemia and elevation of plasma aldosterone level as high as 216 (normal range; 30-159) pg/ml, with low PRA as 0.3 (0.5-2.0) ng/ml/ hr. Magnetic resonance imaging demonstrated that the right adrenal mass did not enlarge. Abstract. Synchronous associations of Cushing's syndrome (CS) and primary aldosteronism (PA) with multiple adrenocortical adenomas secreting each hormone independently have rarely been reported. Herein, we describe a unique case of PA associated with CS with detailed clinical and pathological investigations. bilateral adrenal masses with clinical symptoms of CS and PA were found in a 43-year-old woman. Venous sampling demonstrated excess secretion of cortisol, and aldosterone from right, and left tumor, respectively. A bilateral laparoscopic partial adrenalectomy was undergone. The right adrenal tumor (3 cm) was yellow in color with abundant lipofuscin granules, and was composed of both eosinophilic compact cells and clear cells. In situ hybridization showed that both mRNAs for HSd3b2 and CYP17A1 were strongly expressed in the tumor, suggesting cortisol synthesis. Left adrenal tumor (2.4 cm) was golden-yellow in color, and composed of clear cells only. expression of HSd3b2 and CYP11b mRNAs were observed in the tumor compatible with the aldosterone synthesis. Furthermore, minute nodules were found at the surface of normal-appearing cortex on both sides of the adrenal glands, and the expression of HSd3b2 and CYP11b mRNAs was clearly demonstrated within the nodules, indicating aldosterone synthesis. we diagnosed that the present case had 1) cortisol-producing right adrenocortical adenoma, 2) aldosterone producing left adrenocortical adenoma, and 3) cortical minute nodules with aldosterone production in both adrenal glands compatible with idiopathic adrenal hyperplasia. we reviewed the cases reported, and discussed the significance of the minute nodules in the adrenal cortex, often found in association with the adrenocortical adenoma.
A JApAnese woman was admitted to a local hospital for the treatment of her depression when she was age 35. Right adrenal mass of less than 20 mm was demonstrated by imaging studies during her workup. At this time, both plasma aldosterone and plasma cortisol levels were within normal limits, at 72 (nor-tone, 5 mg amlodipine besylate, and 2.5 mg risedronate sodium hydrate per day. She had central obesity with moon face. Skin stridors on her abdominal wall and leg edema were recognized. These were compatible with the typical clinical features of CS. both plasma aldosterone and cortisol levels were elevated to 305 (normal range; 20-130) pg/ml and 29.4 (4-23.3) µg/dl, respectively. PRA was 1.5 (0.2-2.7) ng/ml/hr, and potassium level was 4.8 meq/L. These values were adjusted with the administration of spironolactone as above. ACTH was suppressed to undetectable levels. Cortisol secretion was not suppressed (27.9 µg/dl) with the administration of 8 mg dexamethasone. Urine 17-OHCS was elevated to 19.4 (2.7-8.8) mg/day. details of the biochemical and endocrinological data are shown in Table I . Abdominal computed tomography demonstrated a round, homogeneous low-density mass in each of the bilateral adrenal gland. Mass in the right, and left adrenal gland measured 30 mm and 20 mm in diameter, respectively ( Fig. 1) . 131 I-adosterol scintigraphy, with dexamethasone suppression, demonstrated radioisotope accumulation in the bilateral adrenal glands. Accumulation was more prominent on the right side. Venous sampling was performed again, and the A/C ratio in the right adrenal vein, left adrenal vein, and iliac vein were 3.05 (678/ 222), 109 (6,550/ 60) and 4.02 (92.5/ 23), respectively (Table II) . excess secretion of cortisol from right adrenal tumor, and that of aldosterone sampling was undergone without any stimulation. The aldosterone (pg/ml) / cortisol (µg/dl) (A/C) ratio in the right adrenal vein, left adrenal vein, and iliac vein were 29.0 (418/ 14.4), 378.9 (12,050/ 31.8) and 18.2 (324/ 17.8), respectively.
131
I-adosterol scintigraphy, with dexamethasone suppression, demonstrated radioisotope accumulation only in the right adrenal gland. The diagnosis of primary aldosteronism (PA) was made. However, it was not possible to determine the laterality of the lesion responsible because of the discrepancy between the data from venous sampling and imaging studies. Spironolactone (50 mg per day) was administered, and the symptoms were relieved. The possibility of accompanying preclinical Cushing's syndrome should have been considered at this point, but was not, according to the medical record. She was referred to another local physician and followed for 4 more years with the same medication. during the follow-up at the physician, central obesity and moon face gradually appeared, and osteoporosis with compression fracture of the lumbar spines occurred. At last, 7 years from initial admission, she was admitted to a local hospital again. After re-evaluation of the disease, she was referred to our hospital for the treatment of the adrenal masses under suspicion of PA accompanied with Cushing's syndrome (CS).
On admission at age 43, she was 146 cm in height and weighed 60 kg. Her blood pressure was 158/90 mmHg with the administration of 50 mg spironolac- 2) . Pathologically, right tumor was composed of both eosinophilic compact cells ( Fig. 3a) and clear cells arranged in palisades (Fig. 3b) . Myelolipomatous change, with adipose cells and mononuclear cells, was also found in the tumor. In contrast, only clear cells were found to form small nests in the left tumor (Fig.  3c ). both tumors were diagnosed as adrenocortical from left tumor was considered. A bilateral laparoscopic partial adrenalectomy was undergone synchronously by trans-abdominal anterior approach, as reported previously [1] . Approximately one-half of the right adrenal gland and 75% of the left adrenal gland were left behind. Macroscopically, both tumors arose from the adrenal cortex with thin fibrous capsule. The right adrenal tumor was 3.0 x 3.0 x 2.0 cm, and was yellow in color with abundant lipofusa b 
Discussion
Synchronous association of CS with PA have been reported in several studies. Solitary adrenocortical adenoma secreting both cortisol and aldosterone caused clinical symptoms in most of the reported cases. According to the report of Adachi et al. concurrent secretion of both cortisol and aldosterone from a solitary adrenal tumor is not a rare phenomenon when investigated with immunohistochemical staining of the surgical specimens [4] . we have also experienced two cases of PA in combination with preclinical CS caused by a solitary cortical adenoma [5] . barzon et al. suggested that adrenocortical cells could reverse their differentiation program during neoplastic progression and change their specific hormone synthesis, as a consequence of modifications in the profile of steroidogenic enzymes and cofactors by investigating them with microarray analyses [6] .
On the other hand, cases with multiple adrenocortical adenomas secreting each hormone independently have rarely been observed. Only 10 cases have been reported in english and Japanese, as far as we can determine from the databases of PubMed, and Japana Centro Revuo Medicina. (Table III) [7] [8] [9] [10] [11] [12] [13] [14] [15] . Multiple adenomas are known to be seen occasionally in the adrenal gland with PA. In contrast, multiple adenomas are quite rarely found in CS. Furthermore, no report has ever described the disease entity as demonstrating multiple functioning adrenocortical adenomas secreting cortisol and aldosterone independently. Although several inherent types of PA have been identified [16] , the clinical features of these hereditary diseases are not characterized by multiple adrenal tumors, but hyperplasia. Thus, the combination of cortisol-producing adenoma with aldosterone-producing adenoma has been considered only coincidental. Indeed, no familial history was reported in these cases, and all cases were Japanese. Two of them had not only synchronous multiple lesions but also metachronous lesions. These clinical features suggested some influence of racial or genetic background. Furthermore, 9 of 10 reported cases were women, indicating the influences of gender or sex-hormonal environment with the multiplicity of the tumor.
In the present case, both the macroscopic view and the microscopic evaluations of the tumors demonstrated typical features of cortisol-producing or aldosterone-producing adenomas. Cortisol-producing adadenomas without malignancy, according to the criteria of weiss [2] . Adjacent adrenal cortex was relatively atrophic on both sides, but the degree of atrophy was not so severe as that often seen in cases with CS; rather it seemed to be demonstrating "paradoxical hyperplasia" which is often accompanied with aldosterone-producing adenoma. Minute nodules without capsule were occasionally found at the surface of normal-appeared cortex on both sides of adrenal glands. Spironolactone-bodies were observed sometimes in these nodules. In situ hybridization (ISH) against mRNAs of CYP11A1, HSd3b2, CYP11b, CYP17A1 and CYP21A2, which were encoding cholesterol sidechain cleavage enzyme, 3β-hydroxysteroid dehydrogenase, 11β-and/or 18-hydroxylase, 17α-hydroxylase and 21-hydroxylase, respectively, was performed as described previously [3] . both mRNAs for HSd3b2 and CYP17A1 were strongly expressed in the right tumor, suggesting cortisol synthesis (Fig. 4a) . expression of HSd3b2, CYP11b and CYP17A1 was observed in the left tumor compatible with the predominant aldosterone synthesis as well as cortisol (Fig.  4b) . Furthermore, the expression of HSd3b2 and CYP11b was clearly demonstrated within the minute nodules in the normal-appearing adrenal cortex. These nodules were absent with CYP17A1 expression (Fig. 4c) . The expressions of HSd3b2 and dHeA-S were down-regulated in the adjacent normal-appearing cells in the zona glomerulosa and fasciculate, respectively. According to these clinical and pathological observations, we diagnosed that the present case had 1) cortisol-producing right adrenocortical adenoma, 2) aldosterone predominantly producing left adrenocortical adenoma, and 3) cortical minute nodules with aldosterone production in both adrenal glands compatible with idiopathic adrenal hyperplasia.
blood pressure returned to normal range soon after the operation without administration of any medication. The patient was discharged uneventfully at 12 th day after operation with the supplementation of 37.5 mg of hydrocortisol. Hydrocortisol supplementation was tapered gradually, and terminated at 30 months since operation. She is well without sign of recurrent disease, and her adrenal function is within normal range at 30 months after operation. zona glomerulosa-like cells in the nodule under longterm spironolactone treatment [19] . These observations suggested autonomous aldosterone secretion from the minute nodule. Thus, the IH was diagnosed in addition to the aldosterone-producing adenoma. These nodules are considered to remain also in the cortex of the remnant adrenal glands in the present case. However, plasma aldosterone level has returned to the normal range, and no sign of disease recurrence was found for more than two years. According to these observations, aldosterone-producing minute nodules have little clinical significance, although longterm observation should be regarded as indispensable. Shigematsu et al. reported that similar minute nodules enoma showed lipofuscin spots within the tumor and consisted mainly of eosinophilic compact cells. On the contrary, aldosterone-producing adenoma were homogeneously golden yellow in color and consisted of clear cells. Furthermore, we could confirm that each tumor expressed mRNAs of the essential enzymes to produce either cortisol or aldosterone. In addition to two adenomas, minute nodules with aldosterone production were observed in bilateral normal-appearing adrenal cortex. These nodules are similar to the lesions often found in cases of unilateral [18] and bilateral adrenal hyperplasia. Furthermore, spironolactone bodies were clearly found in these minute nodules, indicating continuous aldosterone production by the Surgical removal of the tumors is a therapy of choice in cases of functional adrenal tumor. Minimum invasive laparoscopic adrenalectomy, including simultaneous bilateral procedure, has already become a well-established safe procedure [20] . detailed observation by magnified scope enables us to perform precise surgical procedure. As shown in the present case, we could more easily perform partial adrenalectomy to preserve adrenal function by laparoscopic operation compared with open surgery, when it is necessary.
In conclusion, we have described a unique case of bilateral adrenocortical adenomas with PA accompanied by CS. we clinically and pathologically demonstrated that the case had a corticoid-producing right adrenocortical adenoma, aldosterone-producing left adrenocortical adenoma, and bilateral aldosterone-producing minute nodules compatible with idiopathic adrenal hyperplasia.
could be found not only in cases with aldosteroneproducing adenoma, but also that with cortisol-producing adenoma or incidentaloma when investigated by ISH [18] . The pathogenesis and the clinical relevance of this functioning minute nodule have yet to be elucidated. The existence of these nodules might be important to understand the nature of developing cortical adenoma, as well as PA in our case.
Two of the reported cases had been diagnosed as CS initially, and treated with surgery. excluding these two cases, every reported case had been diagnosed and medicated for hypertension from young adulthood. PA might have already clinically appeared in these cases long before diagnosis. In the present case, clinically overt PA preceded the appearance of the symptoms of CS. These observations suggested that the involvement of pre-existing PA in initiating CS in the reported cases. Aldosterone-producing minute nodules in the normal-appearing cortex might acquire the potential to produce cortisol along with disease progression, as suggested by barzon et al. [6] . Larger scale investigation of non-tumoral adrenal cortex by
